Background: The aim of this study was to compare changes in pain, oxygenation, and ventilation following endotracheal suctioning with open and closed suctioning systems in post coronary artery bypass grafting (CABG) patients. Materials and Methods: 130 post CABG mechanically ventilated patients were randomly allocated to undergo either open (n = 75) or closed (n = 55) endotracheal suctioning for 15 s. The patients received 100% oxygen for 1 min before and after suctioning. Pain score using critical-care pain objective tool (CPOT) was compared during suctioning between the two groups. Arterial oxygen pressure (PaO 2 ), PaO 2 to fraction of inspired oxygen (FiO 2 ) (PF) ratio, and arterial carbon dioxide pressure (PaCO 2 ) were compared at baseline and 5 min after suctioning. Peripheral oxygen saturation (SpO 2 ) was compared at baseline, during suctioning, and at 1 min interval after suctioning for 5 min between the two groups. Results: The patients were the same with regard to CPOT scores, i.e. 3.21 (1.89) and 2.94 (1.56) in the open and closed suctioning systems, respectively. SpO 2 did not change signifi cantly between the two groups. Changes in PaO 2 and PF ratio was more signifi cant in the open than in the closed system (P = 0.007). Patients in the open group had a higher PaCO 2 than those in the closed group, i.e. 40.54 (6.56) versus 38.02 (6.10), and the P value was 0.027. Conclusions: Our study revealed that patients' pain and SpO 2 changes are similar following endotracheal suctioning in both suctioning systems. However, oxygenation and ventilation are better preserved with closed suctioning system.
ventilation significantly impair airway secretion clearing; due to inability to clear their airways spontaneously, the intubated patient needs intermittent suctioning of secretions. [8, 9] Basically, tracheal suctioning is used for removing secretions from airways in intubated patients under mechanical ventilation in the ICU. [10, 11] Suctioning is, therefore, warranted in mechanically ventilated patients both to prevent airway obstruction and to decrease the work of breathing caused by retrained secretions. Nevertheless, this maneuver is potentially harmful and may lead to critical and life-threatening complications. [12] Endotracheal suction is associated with some complications and risks including bleeding, infection, atelectasis, hypoxemia, cardiovascular instability, elevated intracranial pressure, and lesions in the tracheal mucosa as well. The procedure has been described painful and uncomfortable by patients, [13, 14] as it increases the workload of the heart and oxygen consumption that may be associated with serious postoperative complications, especially in post CABG patients. [15] The most commonly reported complication is arterial hypoxemia, while atelectasis, bronchospasm, tracheal mucosal damage, cardiac arrhythmia, intracranial hypertension, and even cardiac arrest have been reported.
INTRODUCTION
C oronary artery bypass grafting (CABG) is an efficacious technique of treating coronary artery stenosis. [1] [2] [3] [4] [5] To carry out cardiovascular surgeries, patients must be anesthetized and intubated that requires mechanical ventilation support. [6] Following the surgery, for monitoring of hemodynamic indices, adequate volume therapy, and treatment with positive inotropic agents and vasopressor drugs, patients are taken to the intensive care unit (ICU). [7] Tracheal intubation and mechanical
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Two standard methods for clearing endotracheal secretions are available: The open and closed suctioning systems. For removing secretions of patient's airway, the open suction technique is performed by disconnecting the ventilator circuit from the patient's endotracheal tube to insert the sterilized suction catheter through it. Closed suctioning system is performed by positioning a catheter between the endotracheal tube and the Y piece of the ventilator circuit and the patient does not get disconnected from the ventilator. [9, 12, 16] Closed suctioning was originally introduced for hygienic reasons and as a method of avoiding desaturation [17] [18] [19] and reduction in lung volume loss during suctioning. [9, 20] Both systems have been compared by different studies with regard to physiologic disturbances, oxygenation, and ventilation changes. Results of most of the studies favored closed suctioning system; nevertheless, there were rather small differences between these two systems and were clinically not relevant. [10] The advantages of these two systems and which system should be preferred, however, have not been substantiated and little is known about the effectiveness of these two suction methods on the respiratory parameters of CABG patients undergoing mechanical ventilation. However, the impact of closed suctioning system on pain has not been investigated in mechanically ventilated patients. The objective of this study was to compare endotracheal suctioning with open and closed systems in post CABG patients under mechanical ventilation. The primary outcome was to compare pain using critical-care pain objective tool (CPOT) scale between the groups. The secondary outcomes included comparison of SpO 2 , PaO 2 , PF ratio, and PaCO 2 between the two groups.
MATERIALS AND METHODS
This study was a single-blind parallel clinical trial which was performed on post CABG patients undergoing mechanical ventilation admitted in cardiac surgery ICU of Emam Reza hospital of Mashhad in 2013. After obtaining approval from the Research Ethics Committee of Gonabad University of Medical Sciences and written informed consent from the subjects or, when incompetent, from their next of kin, 130 adult patients (>18 years) under mechanical ventilation requiring endotracheal suctioning following CABG, with Richmond Agitation Sedation Scale (RASS) score of − 1 or 0 were included in the study. Exclusion criteria were: History of lung disease; presence of thick secretions requiring mucolytics; positive end-expiratory pressure (PEEP) >5 cm H 2 O; PF ratio <200; presence of dysrhythmia; hemodynamic instability (mean arterial pressure <70 mmHg), requiring administration of vasopressors or inotropes. [12, 21, 22] The patients were
randomly divided into open and closed suctioning system groups using random number table.
All patients received 100% oxygen for 1 min before and after suctioning. They were ventilated with synchronized intermittent mandatory ventilation (SIMV) with tidal volumes of 8 ml/kg, frequency of 10-12 breaths per minute (to maintain PaCO 2 35-45 mm Hg, FiO 2 40-60%, and PEEP 5 cm H 2 O).
Endotracheal suctioning was performed for 15 s on a protocol base by trained ICU nurses. In the open group, the endotracheal tube was disconnected from the ventilator. A 14-Fr sized disposable suction catheter was passed down in the endotracheal tube and advanced until resistance was met and withdrawn 0.5 cm. [10, 12] In all the patients, a negative pressure of 150-200 mm Hg [12] was then applied with both systems continuously for 15 s and the catheter withdrawn while rotating slightly. The patient was then immediately reconnected to the ventilator circuit. [10] Patients in the closed group were connected to a commercially available closed system (TY-CARE) provided with a 14-Fr sized suction catheter. It was placed between the endotracheal tube and the Y piece of the ventilator's circuit. The suction catheter was in the locked position and the water irrigation port was kept closed all the time. Then for suctioning, it was unlocked and inserted into the endotracheal tube via the Y-piece connector, applying continuous suction for 15 s as the catheter was slowly withdrawn. The procedure was performed identically for all the patients. Pain using the CPOT was recorded at baseline and during suctioning. Patients received analgesic according to the unit analgesic protocol as necessary only after the procedure, because the time was too short to administer analgesic simultaneously. PaO 2 , PF ratio, and PaCO 2 were compared at baseline and 5 min after suctioning. SpO 2 was recorded at baseline, immediately after, and every minute for 5 min after suctioning. CPOT, PaO 2 , PF ratio, and PaCO 2 were compared between and within groups. Arterial blood oxygen saturation was assessed continuously by pulse oximetry, using standard ICU equipment. Arterial blood gases were measured from an indwelling arterial line by a GEM Premier 2000 gas analyzer.
SPSS version 16.0 was used for data entry and statistical analyses. The data were tested by Kolmogorov-Smirnov test which revealed normal distribution of the data. Normally distributed data were analyzed by t-test; otherwise, nonparametric Mann-Whitney U test was used. χ 2 test was used for analysis of dichotomous variables.
One-way analysis of variance (ANOVA) with repeated measures was used. Statistical significance was defined as P < 0.05.
RESULTS
Demographic data of the patients enrolled in the study are presented in Table 1 .
One hundred and thirty patients, 79 male (60.7%) and 51 female (39.2%), were studied. All patients completed the study. Based on the results obtained through Chi-square test, no significant statistical differences were observed between the two groups of closed and open suctioning systems with respect to demographic specifications (sex, age, weight, height, body mass index) (P > 0.05). The mean age of the participants was 61.01 (13.35) years. Most of the participants were male (60.7%).
CPOT was zero before suctioning in both groups. During suctioning, the CPOT increased to 3. No patients showed bronchospasm or dysrhythmias during suctioning.
DISCUSSION
We found that endotracheal suctioning using a closed system can better preserve oxygenation and ventilation in comparison with the conventional open system. On the other hand, both systems are similar with regard to pain following suctioning.
During suctioning with closed suctioning system, mechanical ventilation support is continuous and this would maintain PEEP with minimal changes in FiO 2. [9, 23] This avoids lung volume loss, with fewer changes occurring in oxygenation and ventilation during suctioning. [9, 16, 19, 20, 23, 24] Our findings were similar to these reports indicating better oxygen saturation with closed system. However, this benefit was not clinically significant because the effect was transient and both groups returned to pre-suction values after a few minutes. This may be due to application of 100% oxygen before suctioning, as recommended for routine suctioning.
Like our study results, Jongerden et al. showed that there was a mild change in SpO 2 with closed suctioning. [10] In another study, Fernandez et al. concluded that open system induces remarkable losses in lung volume that could be decreased by applying closed system; they did not observe significant arterial oxygen desaturation. [12] In both studies, the authors did not evaluate PaO 2 changes in their research. There might be a significant change with PaO 2 , but a mild change in SpO 2 because of the difference regarding the value range.
On the other hand, application of closed system can be more beneficial in cases where the patients are oxygen dependent or require high levels of PEEP, since separation of patients from mechanical ventilation during open suctioning even for a short time can lead to patients' desaturation.
In contrast, Corley et al. questioned the benefits of closed suctioning. [20] Although they showed less lung volume loss with the closed system, it was associated with slower recovery of end expiratory lung volume due to changes in lung impedance.
Another study showed that there was a significant difference in arterial oxygen pressure, which indicated better results of closed suction in comparison with the open method. A significant 18% decrease in arterial oxygen pressure (PaO 2 ) induced by open endotracheal suction system and a remarkable increase in PaO 2 were observed after suctioning by the closed system. [24] Moreover, other studies showed that ventilation interruption, decrease in dynamic compliance, loss of positive airway pressure, and reduction in lung volume lead to hypoxemia during open suctioning system. [9, 12, 21, 25, 26] These effects of open suctioning system on oxygenation were similar those observed in our study.
Endotracheal suctioning can affect ventilation as well as oxygenation during mechanical ventilation. Our study showed that both systems resulted in an increase in PaCO 2 following suctioning; nevertheless, PaCO 2 was significantly higher in the open group. This is due to lack of disconnection from the ventilator and continuation of mechanical ventilation in the closed group. However, these changes were not clinically significant because the procedure is quite short and the baseline PaCO 2 was not high. This can be of clinical significance in chronic obstructive pulmonary disease (COPD) patients and in those with impaired initial ventilation.
The main cause of more cardiorespiratory stability in closed suctioning compared with open suctioning is that closed suctioning is intended to preserve ventilation and FiO 2 during suctioning. [9, 26] Lasocki et al. measured arterial carbon dioxide pressure (PaCO 2 ) in their study. They were able to demonstrate a rise in PaCO 2 using open suctioning system as compared with baseline values. No significant changes in PaCO 2 were observed at the different times of the closed suctioning system. [24] In addition, another study showed that PaCO 2 after open suctioning showed a significant increase, in comparison with the closed method. [9] Tracheal suctioning has been reported as a painful experience by acutely and critically ill patients. [27] [28] [29] Nevertheless, there is no report comparing the impact of closed versus open systems on pain during suctioning. To our knowledge, this is the first study comparing pain following endotracheal suctioning with open and closed suctioning systems. In this study, we compared the pain status during open and closed suctioning using CPOT in ventilated post CABG patients. We found that both procedures were painful with no significant difference between the groups (P = 0.464). Although it seems that insertion of catheter for suctioning with closed system might be gentler and, hence, less painful, our research did not prove it.
In addition to its beneficial effects on ventilation and oxygenation, the closed system might decrease the incidence of ventilator-associated pneumonia (VAP) as reported by David et al. [30] We did not investigate the VAP incidence in our study because all our patients got extubated before 8 h and use of the closed system for this purpose is recommended for those under mechanical ventilation for more than 4 days.
Our study had some limitations. First, patients with underlying respiratory diseases or requiring high levels of PEEP were excluded. Therefore, our results cannot be extrapolated to these populations. Second, all patients received 100% oxygen before suctioning which might mask the true impact of suctioning with either systems on oxygenation and ventilation.
CONCLUSION
To conclude, we could show that endotracheal suctioning with open system affects oxygenation more significantly compared with the closed system. On the other hand, both systems are similar with respect to pain. However, these effects are not clinically relevant, since in both techniques the pressure and force applied to the trachea are similar. However, the hemodynamic fluctuations were quite short and returned to pre-procedural values after a few minutes. Furthermore, these did not affect the patients' outcome with regard to new cardiovascular events, time of mechanical ventilation, or ICU stay.
